Objective Irritable bowel syndrome (IBS) is associated with a high prevalence of psychological disorders. Coping, which is used to manage stressful events, can have adaptive or maladaptive effects on a patient's health status. However, these coping behaviors have not been well studied in individuals with IBS. The association between the use of coping behaviors and the reported levels of depressive symptoms was examined in individuals with IBS. Methods Among 993 volunteers (382 men and 611 women) who participated in the Iwaki Health Promotion Project in 2013, we included 58 subjects who fulfilled the Rome III criteria for IBS in our analysis. Coping behaviors were assessed using the Brief Scale for Coping Profile (BSCP). The Center for Epidemiologic Studies Depression Scale (CES-D) was used to assess the four dimensions of depressive symptoms (depressed affect, somatic symptoms, interpersonal problems, and lack of positive affect) and the prevalence of probable depression using a cut-off score of 16. Results Among the 58 subjects with IBS, 22 (36.1%) exhibited probable depression. After adjustment for confounders, "active solution" was found to be significantly associated with somatic symptoms. Under the same conditions, "avoidance and suppression" was significantly associated with the CES-D total score, depressed affect, somatic symptoms, and (lack of) positive affect. There were no other significant relationships between depressive symptoms and the BSCP sub-scale scores. Conclusion These findings indicate that coping behaviors may influence the experience of depressive symptoms among individuals with IBS. Psychological therapy may reduce depressive symptoms as well as the severity of IBS symptoms. Additional studies are needed to examine the relationships between coping behaviors and depressive symptoms using a longitudinal study design.
Introduction
Irritable bowel syndrome (IBS) is a common gastrointestinal disorder with a prevalence 3-20% based on the Rome III criteria (1) (2) (3) (4) . This functional bowel disease involves recurrent abdominal discomfort or pain associated with alterations in the bowel (5, 6) . Although the etiology of IBS remains elusive, there is support for the notion that a dysfunction of the brain-gut pathways contributes to the presentation of this disease (7) . According to recent studies, up to 60% of IBS patients have psychiatric disorders such as depresdictors of depressive symptoms, and coping behaviors can play an important role in individual well-being (10, 11) . Coping has been described as a process in which cognitive or behavioral strategies are developed to manage specific internal and / or external sources of psychological stress (12, 13) . To date, several studies have reported an association between coping behaviors and psychological symptoms among patients with IBS (14) (15) (16) . Failure to cope with or adjust to stressful events may cause depression among patients with IBS. However, no studies have examined the potential link between coping behaviors and depressive symptoms among individuals with IBS in Japan.
In the present study, we aimed to investigate the prevalence of depressive symptoms and to assess the relationship between coping behaviors and depressive symptoms among individuals who were diagnosed with IBS according to the Rome III criteria. We hypothesized that passive coping behaviors, such as emotional expression, avoidance and suppression, would be associated with depressive symptoms.
Materials and Methods

Participants
This study included 58 individuals with IBS who were recruited from the local community. A total of 993 volunteers (382 men and 611 women) participated in the Iwaki Health Promotion Project in 2013. We included the subjects who fulfilled the Rome III criteria for IBS in our analysis (17) . The characteristics of the study population have been reported previously (18) . IBS was diagnosed based on the Japanese version of the Rome III Questionnaire, when a participant reported that they had experienced recurrent abdominal pain or discomfort for at least three days per month in the last three months together with two or more of the following conditions: 1) the alleviation of symptoms with defecation, 2) the onset of symptoms occurred in association with a change in the stool frequency and 3) the onset was associated with a change in the form (appearance) of the stool. The collection of data for the present study was approved by the ethics committee at the Hirosaki University School of Medicine, and all subjects provided their written informed consent before participating in this project. The patients' demographic data (age, sex, amount of education, and marital status) and medical history were obtained from self-reported questionnaires and interviews.
The assessment of depressive symptoms
The Japanese version of the Center for Epidemiologic Studies Depression Scale (CES-D) as administered to all of the participants to measure their depressive symptoms (19) . The CES-D is a 20-item self-reported measure that focuses on the depressive symptoms that the patient experienced during the week prior to completing the questionnaire. The maximum score is 60, with higher scores indicating more severe depressive symptoms. Probable depression (CES-D 16 depression) was considered to be present when a subject reported a CES-D score of ! 16.
Studies in which factor analyses were performed have found the 20-item CES-D to be a multidimensional instrument that measures as many as four correlated but distinct factors (19, 20) . The four underlying factors were labeled by Radloff as follows: depressed affect, somatic symptoms, interpersonal problems, and (lack of) positive affect.
The assessment of coping behaviors
We employed the Brief Scale for Coping Profile (BSCP) to assess coping behaviors. The BSCP consists of 18 items rated on a 4-point scale (21, 22) . The participants were asked to indicate the frequency at which they used the strategy described by a particular item, ranging from 1 (almost never) to 4 (very often) in stressful situations. The scale assesses an individual's ability to cope in response to daily stressful circumstances using six sub-scales, "active solution (AC)", "seeking help for a solution (S)", "changing mood (CM)", "emotional expression involving others (EE)", "avoidance and suppression (AV)", and "changing one's point of view (CV)". These six sub-scales reflected three different coping dimensions: problem-focused (AC and S), adaptive emotion-focused (CM and EE), and maladaptive emotion-focused (AV and CV) coping strategies. A high score on a certain sub-scale indicates that the respondent frequently selected that coping method.
Statistical analysis
The data are presented as the mean ± standard deviation. p values of <0.05 were considered to indicate statistical significance. Pearson's correlation was used to explore the relationships between the psychological variables. All variables with a p value of <0.10 on a Pearson's correlation analysis were subsequently analyzed via a multivariate regression analysis, which was performed to assess the relationship between depressive symptoms and coping behaviors. Regression analyses were adjusted for confounding factors (age, gender, level of education, and marital status). The data were analyzed using the PASW Statistics software program for Windows, version 23.0.
Results
The characteristics of the participants
The characteristics of the study subjects with IBS are shown in Table 1 Table 2 shows the correlations between depressive symptoms and the BSCP sub-scale scores. "Active solution" showed tended to be associated with somatic symptoms but did not reach statistical significance (p=0.096). "Seeking help for solution" almost showed a statistically significant association (p=0.052) with (lack of) positive affect." Avoidance and suppression" were significantly associated with the CES-D total score, depressed affect, somatic symptoms, and (lack of) positive affect.
Pearson's correlations between the psychological variables
The multiple regression analysis of the association between depressive symptoms and the BSCP subscale scores Table 3 shows the results of the multiple regression analysis to determine the depressive symptoms that were associated with the BSCP sub-scale scores. After adjustment for confounders "active solution" was significantly associated with somatic symptoms. Under the same condition, "avoidance and suppression" was significantly associated with the CES-D total score, depressed affect, somatic symptoms, and (lack of) positive affect. There were no other significant relationships between depressive symptoms and the BSCP sub-scale scores.
Discussion
The present study investigated the prevalence of probable depression, as measured by the CES-D, and assessed the relationship between coping behaviors and depressive symptoms among individuals with IBS using a cross-sectional study design. In this study, the prevalence of CES-D 16 depression among individuals with IBS was 32.8%. The prevalence of CES-D 16 depression in our study was within the range of previous results (16-39%) (2, 9, 23, 24). After adjustment for confounders, "active solution" coping behaviors were significantly associated with somatic symptoms. This association might indicate that the somatic symptoms of IBS evoke problem-focused coping strategies. Under adjusted conditions, "avoidance and suppression" coping behaviors were also significantly associated with the CES-D total score, depressed affect, somatic symptoms, and (lack of) positive affect. "Avoidance and suppression" coping behaviors are characterized by a tendency to escape or consciously push down any undesirable thoughts. This coping behavior has been reported to be associated with increased self-blame and to potentially lead to poor psychological adjustment (25) .
To date, psychological distress has been thought to play a major role in IBS, although it remains to be determined how this distress is related to IBS and which of the two conditions (psychological distress or IBS) appears first. Recently, a bidirectional communication network between the central nervous system and the gastrointestinal tract has been suggested as a conceptual model of IBS. In the bottom-up model, brain functions are secondarily influenced by visceral symptoms from the gastrointestinal tract. Conversely, in the top-down model, psychological factors influence physiological factors, such as the motor, sensory, secretory, and immune functions of the gastrointestinal tract (7) . Early life stressors such as maternal separation and sexual abuse have been reported to be associated with the development of IBS (26) (27) (28) . Understanding the psychological problems of IBS patients could contribute to the development of effective treatments.
Previous studies have documented associations between coping behaviors and depressive symptoms among individuals with IBS. Pinto et al. first reported that IBS patients with depression tend to use predominantly negative coping styles, such as passivity, fatalism and escape-avoidance (29) . Another study showed that higher levels of passive behavioral coping are associated with more severe depression among individuals with IBS (30). Stanculete et al. showed that IBS patients use problem-focused and avoidance-oriented coping strategies more frequently than healthy subjects (16) . These researchers also clarified that the impact of IBS symptoms on health-related quality of life is mediated by irrational beliefs and avoidance-oriented coping. Furthermore, Grodzinsky et al. reported that IBS patients reported lower scores for positive self-esteem and coping ability assessed by sense of coherence than control (15) .
Recently, a relationship between cognitive appraisal and depression has been reported in patients with IBS (31, 32) . In cognitive behavioral therapy (CBT), a patient with depression whose coping behaviors are likely to promote depression is taught new coping skills in a structured manner (33) . The present results indicating that "avoidance and suppression" coping behaviors are associated with depressive symptoms may be utilized to design an evidence-based CBT approach to treat depressive patients with IBS. Current studies in clinical psychiatry have shown that CBT is as effective as antidepressant drug therapy in the treatment of patients with depression (34, 35) . Furthermore, clinical evidence has indicated that CBT could improve IBS symptoms (36) .
This study is associated with several notable limitations. First, the assessment of depressive symptoms was based on the CES-D rather than clinician-administered structured diagnostic interviews according to established criteria such as the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). The second limitation of this study was the recruitment strategy, which involved the recruitment of individuals with IBS from the community. These individuals may not be representative of clinical IBS patients. The severity of IBS or depressive symptoms among our participants might be lower than that among clinical IBS patients. Third, the data on several potential confounding factors were not obtained because of strict ethical considerations and a reluctance to share medical information. This limitation is important, as interpersonal relationships between family members and the severity of IBS symptoms may have influenced the results of this study. Finally, this study is limited by its cross-sectional design; thus, we cannot determine a causal relationship between the coping behaviors and the onset of depressive symptoms among the patients in our study population. A follow-up survey is needed to investigate these associations. In conclusion, "avoidance and suppression" was significantly associated with depressive symptoms. These findings indicate that coping behaviors may affect depressive symptoms among individuals with IBS. Furthermore, IBS patients might benefit from psycho-educational interventions such as CBT, which are designed to assist them in reducing their "avoidance and suppression" behaviors when coping with the symptoms of their illness. Additional studies using a longitudinal study design are needed to examine the relationships between coping behaviors and depressive symptoms among IBS patients.
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